• .;’ r v. v ^'-* 

£ V. • ^(*■:■ -■ ‘ ijt 

•,•■ , •■>;■■ • '.interim progress summary 

^^■;-i ; . ; X : ^<■.-’ «to ; i.:-:{:<'■'.■■;■.■'. ; . ;. .,■ v„ 

485H^^ V CSS#: ;;;THE . C0UNTCIlL POR TOBACCO RESEARCH--USA, LNC. '^liS 

\;>'i V y^-^AP' '!:.?■£ j-V: ■>■■-/•^:.ttW-v--.'/V;/-.: ■ -- . »• / * 

''^•:irv 4 -'Vx-- ■; ■ '•.;y•'"' .. on ' 'v-:- 1 ,; '•: 

'."•/..'• '• .. . • • :■• • . : ' t 

' i ■^i^'£%i.'?$';'S£‘.i & , '■ 7 * * *7.■. .. ■ 7. r . --■ ' _ ...^ • '■ ,/•>’ .? 

t>^^?^ CTERIZATI0N nF • AXI - I AL EXPOSURE SYSTEMS 


.» l • '* t * 

i-iv .. « •. ,' ■* * ■-• .*. J :> 'Y •„-. • 

• • V •' ■ A--. > *w •* : *•; !*. •-> Jof*:' 


■V ‘«..\wo\ .• \< • • • ■-> 
- v;;‘ • \-v 




V.;i.V • J:^ 'V -t : ' 

^ - ■*'.".A/'.v::•■•••*-.•' • 

*. ■■- \* i •;-'. 7 ^ 2 ;.••♦•'« - • ; - ‘ ’. . *' 


j \ . v y 


'•Wfil: 

. v 

■ ■■■?&£& 

. r^m 


;. *-■ tr • . ,y 


■ * V •, >'.*;. -r . 


; V^;.' : V^vS‘V 

' __ •' 1 • •;"/y rV ‘ v 


Prepared by 

J. R. Stokely and M. R. Guerin 
Analytical Cher.istrv Division 
Oak Ridge National Laboratory 


y 'J 

, A .": T *^ - 


\ ’: 




c 


February 12, 1975 


b* 

© 

© 

CO 

c n 
co 
© 
00 

rfi. 


: 0*&% 




,<?< . J.' 


' \ Source; 









.:/• 

• r-■;;. r 


■ •u-^ * 

’■~*vy /?. 




• trVAtA-v 


'introduct‘ v . ‘ V v ‘ / gj--, . .-.T, ‘ i '--' : ^'^ ;: ' ; f||ip 

This memorandum summarizes recent progress on the project to characterize 


animal exposure devices. Progress for the period June 1974 to January 1975 is 
£summarized. Only abbreviated discussions of experimental results, conclusions. 






.' and the current status of the project are presented. Detailed 1 discussions are '^ 
; - . not included as they are more appropriately presented in open literature publi- - 
•'^^^cations and an annual progress report will be submitted in June 1975. SX.4'; 

; CURRENT STATUS: ' ■ : : 'V X ' .v ' >;kv’X. .. V 
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’ The primary objectives of the project are to establish a battery of tests •••** 


'!j;-k^fbr evaluating devices for exposing animals to whole tobacco smoke, to apply 

these tests to devices of interest to the Council for Tobacco Research', and to 
^formulate recommendations for elimination of discovered shortcomings in the de- 




vices. Initial efforts were directed at developing methodologies needed to test „-«vwk? 
the devices. This effort is continuing at a reduced level. Emphasis at the pre- 


sent time is on applying available tests to evaluate the Walton-Horizontal, Lor- 
illard LACS II, and Process and Instruments SEM I exposure systems. A number of 
shortcomings in these systems have been discovered to date. Means for elimina¬ 
ting shortcomings have been devised and implemented in some cases. 

Studies on the Walton Horizontal smoking machine have been extensive and 
have included an in-depth evaluation of the operational features of the machine 
and an investigation of the chemical properties of smoke offered to 1 animals with 
the device. Chemical studies include assessment of smoke uniformity in the ex¬ 
posure chamber, losses of smoke from the exposure chamber, and the effect of. 
smoke aging and animal interaction on the concentration and composition of smoke 
.. offered to animals with the device. Initial studies on smoke dbse received' by 
mice have been completed' and more extensive studies are to begin in the near 
future. Methodology for determining the particle size distribution of smokes; in 


S \\-4 •* -}J?v 


animal exposure systems was recently developed. Initial application of the method- ® 


■■■ 


O 


ology has; been made to the Walton system. Completed studies on the system are 
being prepared for open literature publication. 

Work on the Lorillard LACS II exposure system has been restricted to an ex¬ 
tensive operational evaluation and preliminary study of the chemical properties 
of smoke offered with the system. Complete evaluation of the system has been de¬ 
layed because of the number and severity of maintenance problems that have been 
encountered. Although the basic design of the mechanical and electronic components 
of the system appear adequate, insufficient care was taken in construction of elec- 
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tronie circuits that control operation of the system. 


. li'.t'S'UA'. ♦' . -7 ' • S •• 

*? V* '• • 

.. VV'77 : -: • 

_ i /*_ • i _ _ r _ • 't- v S* • 


Continual failure of the 
electronic circuits has occurred, and a major effort has been required to locate ' 
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and repair faulty circuits. The system is presently inoperative, and a number 

of electronic circuits are being reconstructed. 

A prototype model of the Process 5 Instruments (P§I) SB! I exposure system 'M0&', 

• : . - . ■ - . ■ 

was received during this report period and an extensive operational evaluation 

.. - t .. ■■ - >. L .. ' '• 

was made. Several shortcomings of the svstera were discovered and design changes 

were implemented. The design changes are being incorporated' in a new model of 

the system which is presently under construction by P§1. Studies to define the 

chemical properties of smoke offered by the prototype system are currently under- 


way. 
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ACTIVITIES FOR THE PERIOD JUNE 1974 TO JANUARY 1975 

A. Operational Characterization and Design Improvements in the P$I SEM I System . . 

1. The electronic timing circuits which control operation of the smoke dis- . 

•' ’.:tribution valve did not permit accurate control of the exposure time. An Y 

. . ■: -improved timing circuit was cfev-ued and recommended to the manufacturer v . 

^° r inclusion in the final model of the system., ; : 

. 2. A temperature rise o{> from 65-70°C was found to occur in the: vicinity of , 

. ; • cigarett es during Smoke geixetrtion. A temperature rise of this magni- 
tudb is not acceptable because of resulting changes in puff volume and - : 
because the chemical composition of the smoke may be altered. The tem- 
* 'perature rise was reduced to 15-23°C by changing the design of the side:-. 

. • ' stream smoke hood and the air flow system. Further reduction in the tem¬ 

perature rise will require major design changes if chemical studies re- 
> veal that the smoke composition is affected. 

.Y ; 3* The. relative humidity of air in the dome area of the system decreases- to < 

less than 10% when sevexal leads cf, cigarettes are Smoked. Because of d-P-Ld 

.the possible effects of the low humidity on the burning rate of cigarettes, 
the chemical composition of the smoke, and deposition of smoke particulates Y.i; 
in the animals, efforts are being made to humidify the dome supply air to 1 
60% relative humidity at ambient temperatures. A device for injection of 
Water into the air Supply lias been designed and built. The device is cur¬ 
rently undergoing tests. -*• 

Fluctuations in dome pressure were encountered when the eject and loader 
assemblies operated. The fluctuations produced a change in the puff vol¬ 
ume oft from 3-5 ml. A ballast tank installed on the supply air system was 
found to reduce the press are fluctuations to an insignificant level. The 
ballast tank xvi 11 be incorporated into the final design of the system:. 

Operation and calibration of the SEM I is easy and uncomplicated. In 
about three months of heavy usage, no major mechanical breakdowns, com¬ 
ponent failures, or other maintenance problems have been encountered. 
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'Myy- : ?'_.;...6. Measurements of the-sidestream smoke concentration in the dome area were 
eir.T made using nicotine and carbon monoxide as smoke indicators. Based on 
. ;1 . - these measurements, coition illation of the mainstream smoke with sidestream 

y y y^y ^f'smoke is less than 0.52. _ y y; >yy:■< : *y\. 

i _ c , t l 7. The Static bufut'fiaie of cigarettes in the machine under operating con- / .yy-yy, 
' Y Yy^.£i editions was measured. This study showed that the burn rate is not Off-.. y . 

• ~YYYy #Y'Aected by the recommended air {loui rate through the dome (350 cfm). , \ 

':J f??'-'>‘4? .- ..... ..-.. . • . " •• y . y«.. 

- -• 8. A number of minor design changes based on the initial evaluation of the -WisM: 

prototype model were made to the manufacturer in a letter of January 2, 

^XSfte ; 1975,.. v 
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B. Chemical Properties of Smoke from the P&I SEM I System. 


■Lit?- 






: 'h l. Assessment of the quantity and chemical composition of smoke generated 
' and delivered by the prototype system is currently being made. Initial 
' studies deal with the total particulate matter, nicotine, tar, and water 
' / deliveries of cigarettes smoked on the system. High resolution gas cliro- 

ryi&i mat©graphic methods for smoke particulates and gas phase are being ap- 
- ; plied to investigate smoke composition. Yvyy'yY.>yY''v ' 


D. 


Operational Studies on the Dalton-Horizontal Smoking Machine. Y; 

1. Measurement of the static burn rates of cigarettes showed that the ma- 

> efune would not smoke tlviee cigarettes as designed. Air venting from 

,yv: the puffing dome flows over the cigarettes and causes the static bum 
yYy', rate to increase so that the cigarettes are consumed with less than the 
’ |yt standard number of puffs. A solenoid vuIve was installed in the puff 
' air supply to eliminate the problem,. ; ^;,. v ,..y V :r.'.\y^:- 

2 . The procedure ^or calibration of puff volumes with the machine has been 
^ Simplified. Studies showed that the puff volume is not significantly 

■"affected by the resistance of the cigarette, eliminating the need for a 
; separate calibration with each type cigarette smoked on the machine. 

Chemical and Physical Properties of Smoke Presented to Animals with the ,,,. 
Walton-Horizontal Smoking Machine. 


The possibility of changes in smoke composition as the smoke stands in 
-"V^-yyrthe exposure chamber was investigated using two high-resolution gas- -chro-• 
: yYYY matographic profiling methods. These methods permit visualization of 

, approximately 250 of the major organic components in the gas and particu¬ 
late fractions of smoke. Profiles for smoke aged for 30 seconds were al- 
. most identical to fresh smoke indicating that very little or no composi¬ 
te * t tional changes are occurring in the Walton exposure chamber during expo- 
■ . sores up to 30 seconds. 

•: 2. Analyses were made for nicotine, nitric oxide, and neophytadiene in the 

Walton exposure chamber to determine the effect of aging on these impor¬ 
tant smoke components. Only with nitric oxide was aging shown to produce 
a change in the component concentration. With nitric oxide , the concen¬ 
tration decrease due to reaction with oxygen was very small— the concen¬ 
tration decreased less than 10% in'a 30 second exposure. 

3. The high resolution chromatographic profiling methods were used to es¬ 
tablish the effect of animal interaction with smoke in the Walton expo- 
.. sure chamber. Appreciable interaction was found. Twenty mice cause a 
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general overall decrease in the gas and particulate phase concentration. 

In addition, several components in the gas phase are affected more than 
other components resulting in compositional changes. During a 30 second 
exposure, the overall organic gas phase concentration decreases by nearly 
a factor of two. One peak in the gas phase profile almost completely dis¬ 
appears and others are affected to a lesser extent, hiimat inteJia.ct4.on 
jcith smoke, tn the Walton expos.w.e dumbest is potentially a serious problem 
and 1 should be taken into account in using the system for biological studies. 

Analysis of nitric oxide in the Kalton exposure chamber during exposures ^ 00 ^ 
of 20 mice showed that the mice remove nitric oxide from the chamber at 
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an appreciable rate and therefore deplete the chamber of this important 
smoke constituent. The nitric cxi.de concentration is depleted by approx¬ 
imately a factor. o& tico during a 30 second exposure oi 20 mice. cirr* 

Application of newly developed methodology for particle size measurements 
have been made to determine the effect of smoke aging on the particle size 
of the smoke aerosol in the Kalton exposure chamber. Initial results shoe) ' . .v ! 
that the particle size is increasing rapidly during a 30 second exposure; 
the particle size approximately doubles during a 30 second exposure. Studies 
on the effect of animals on the particle size are currently underway. ••' .< 

Comparisons were made of the composition of smoke generated by the Kalton . v>: ; 
smoking machine and the Phipps and Bird analytical smoking machine. The 
high resolution chromatographic profiling methods were used for this com¬ 
parison. This study showed that smoke generated by the Walton duplicates 
smoke generated under standard smoking conditions. They also suggest that ■ ; 
positive puling has very little e&fact on smoke composition. ? y - 

Continual use OjJ the Walton madiine without cleaning results in build-up 
o fa smoke particulates on the internal surfaces ofi the exposure chamber. 

Studies were made to establish, how frequently the exposure chamber should 
be cleaned to avoid exposing animals to the gas phase constituents in 
equilibrium with the particulates deposited on the walls of the chamber. 
Analysis of the gas phase from the exposure chamber for organic constitu¬ 
ents showed very low levels of smoke components after 40 cigarettes had ■ 

.been smoked on the machine. Once-a- day cleaning o{ the exposure chamber ... v .- r ' 
is Sufaicieit to prevent exposure to components in equilibrium with de¬ 
posited particulates. P r: i ' ..t -• • • ■■■'S'lt ’ 

Initial dosimetry experiments with mice were performed during the first 
contract year on the Kalton seeking machine. Extensive studies have been 
planned which will be a collaborative effort of this laboratory and Micro¬ 
biological Associates. This work will begin with final approval from CTR. 
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Maintenance Problems with the Lori Hard' LAGS II Exposure System . 

1 . Numerous maintenance problems have arisen in attempting to perform an 
evaluation of the Lori Hard LACS II system. The main cause far the prob¬ 
lems is poor construction ofa electronic control circuits in the instrument. 
During this report period, over 25 faulty solder joints have been repaired, 
and approximately 20 integrated circuits and 17 transistors have failed and 
have: been replaced. The entire electronic circuits of the system are cur¬ 
rently being checked and some circuits are being rebuilt. Thorough evalua¬ 
tion of the system is not possible until the electronic circuits are oper- . . 
ating properly. • . . • 
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2. The quad-valve ass embly on the system is inoperative. Lori Hard Research 
(—has been informed of the mechanical failure of the valve, and is presently 
redesigning a new valve. * 

Preliminary Studies of Smoke Delivered by the Lorillard LACS II. 

1. Measurements were made on the age of the smoke delivered by the LACS II 

' —-using a thermal conductivity monitor developed during contract year one. 

■ v':'"These measurements showed that the S moke is less than 5 seconds old e-ken 
teaches the animal exposure unit Call of the smoke is less than 5 sec. 
•old and 50% of the smoke is less than 2.5 seconds old). 

2 . Studies on the quantity of Smoke delivered bij the LACS II show that the 
.. smoke is opened to oil animals at the same concentration. These studies 

were made using nicotine as a monitor of smoke concentration. 

3. Losses o jj Smoke particulates in connecting tubing used with the LAGS II 
are very Small and do not present a problem. Losses in the quad and 

—'’ shuttle valves have not yet been established. • 

4. The temperature in the vicinity o{ cigarettes smoked on the LACS II has 
—been measured.. It was found that the maximum temperature* is 50*C which 
% may have an e&^ect on the chemical composition of smoke generated by the 
“ •system. 


Methodological Development and Exposure Concepts r ' 

1. A method has been developed far measurement o fi the particle size distri- 

- button o jJ smoke particulates in exposure systems. The method ! involves en- 
capsulation of smoke particles in a polymer bead and examination by scan- 

— ning electron microscopy. Initial application of the method has been 
made to study smoke aging in the Walton Horizontal smoking machine. 

2. Exploratory studies have been made on application of Fourier transform 
i infrared spectroscopy to study compositional changes of smoke in animal 

exposure systems. Present indications are that the technique can be used 
%?. to assess the possibility of very rapid chemical changies which occur wlth- 
^y. in the first few seconds after smoke is generated. Techniques for detec- 
ting very rapid^ chemical changes are not now available. 

V/ - 

3. A monitor for continuous measurement of the smoke particulate concentration 
.. in exposure systems is under development. Both laser light scattering and 

light absorption are being considered. A device is needed for particulate 
,; y monitoring to establish smoke uniformity and concentration. 

4. In smoke exposure systems, different smoke generation methods are used. 

./'• Studies are underway to establish if and how the smoke generation method 

affects the delivery of the cigarette or the composition of the smoke. 

The following smoke generation variables are under study: horizontal vs 
vertical cigarette placement, restrictive vs free smoking, and positive 
vs negative puffing. Results obtained to date suggest that small but 
discemable differences in cigarette delivery result from the different 
smoke generation methods, but that compositional differences in the smoke 
are not evident. 
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